for the China PEACE Collaborative Group Background--Early clopidogrel administration to patients with acute myocardial infarction (AMI) has been demonstrated to improve outcomes in a large Chinese trial. However, patterns of use of clopidogrel for patients with AMI in China are unknown.
C hina, a country of more than 1.3 billion people, faces a marked increase in the incidence of acute myocardial infarction (AMI). The World Bank estimates that by 2030, 23 million Chinese patients will experience AMI annually. 1 To manage this rising burden of heart disease, it is important that the Chinese healthcare system consistently deliver highly effective interventions, especially those treatments that can be delivered within existing infrastructure.
The early use of clopidogrel, defined as use of the drug within the first 24 hours of presentation for AMI, is an important example of such intervention. The benefit of clopidogrel has been established in numerous clinical trials. [2] [3] [4] Notably, the ClOpidogrel and Metoprolol in Myocardial Infarction Trial (COMMIT), which was published in 2005 and conducted exclusively in China, demonstrated that in-hospital clopidogrel treatment within 24 hours of presentation of AMI resulted in a significant reduction in major cardiovascular events. 2 Based on this evidence, and the COMMIT trial in particular, the Chinese guidelines released in 2007 and 2010 have strongly endorsed the early use of clopidogrel for patients with AMI. The European Society of Cardiology and American College of Cardiology/ American Heart Association guidelines also make similar recommendations. [5] [6] [7] [8] [9] [10] Antiplatelet therapies such as clopidogrel are generally safe and have proven efficacy in the management of AMI and the benefit of antiplatelet could extend beyond the acute setting. In addition, because they are easy to administer, they are particularly useful in a broad range of practice settings, especially in rural hospitals with limited resources, which are responsible for the care of more than 700 million Chinese people.
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A registry analysis from the China Patient-centered evaluative assessment of cardiac events (PEACE)-Retrospective AMI Study demonstrated that early clopidogrel use for patients with ST-segment elevation myocardial infarction (STEMI) increased substantially in the years following the publication of COMMIT from 47.4% in 2006 to 82.1% in 2011. 12 However, use in the broader Chinese AMI population eligible for treatment, and the extent of variation in use according to patient or hospital characteristics, such as region and rural/urban location, have not been described. A detailed assessment of changes in and correlates of early clopidogrel use could facilitate future quality-improvement efforts that aim to ensure that all eligible patients with AMI receive clopidogrel appropriately. Accordingly, we sought to evaluate the use of early clopidogrel among patients with AMI in China from 2006 to 2011 using a nationally representative sample from the China PEACE Retrospective AMI Study. Our objectives were the following: (1) to examine regional and hospital-level variation in the use of early clopidogrel therapy; and (2) to identify characteristics of patients who did not receive early clopidogrel therapy and the hospitals that seldom employed this intervention. This analysis is part of the China PEACE study, which was funded by the Chinese government and designed to generate the knowledge to support future national qualityimprovement initiatives to enhance clinical care for patients with AMI in China.
Methods Design Overview of China PEACE-Retrospective AMI Study
The design and methods of the China PEACE-Retrospective AMI study have been published previously. 12, 13 interpretation of the data; or in the preparation or approval of the manuscript. The central ethics committee of the China National Center for Cardiovascular Diseases approved this study. All collaborating hospitals accepted the central ethics approval except for 5 hospitals, which obtained local approval by internal ethics committees. The study is registered at www.clinicaltrials.gov (NCT01624883).
Study Sample
Patients with AMI eligible for early clopidogrel therapy were identified as follows: only those patients with a definite discharge diagnosis of AMI were included in the study sample.
In this study, we first excluded patients hospitalized in 2001 because clopidogrel was not approved for use in China until August 2001. 14 Among patients with AMI admitted in 2006 and 2011, we excluded patients who had been transferred from another hospital because they might have received acute treatments at another facility that were not documented in the medical charts included in our study. In addition, we excluded patients who transferred to another hospital, were discharged, or died during the first 24 hours of admission because these patients might not have had the opportunity to receive clopidogrel therapy. Finally, we excluded patients who had documented contraindications to clopidogrel therapy: true allergy to clopidogrel, history of hemorrhagic stroke, active or major bleeding (eg, active gastrointestinal bleeding, acute hemorrhagic stroke, urogenital system bleeding, retroperitoneal bleeding) at admission, or any other contraindication documented by a physician in the medical record (eg, thrombocytopenia). The resulting cohorts are those who were eligible for treatment with clopidogrel.
Data Collection
Data were collected via central medical chart abstraction using standardized data definitions. We adopted a rigorous approach to monitoring data abstraction quality, randomly auditing 5% of medical charts throughout the study; overall variable abstraction accuracy exceeded 98%. Data elements included demographic information, clinical characteristics at admission, laboratory parameters, in-hospital treatments, timing of care delivery, and in-hospital clinical outcomes. Hospitals were defined as percutaneous coronary intervention capable if at least 1 patient received percutaneous coronary intervention at that hospital in the given study year. Hospital teaching status was derived from an independent survey of hospital characteristics.
Outcome Variable
The primary outcome of this analysis was early use of clopidogrel therapy, defined as the initiation of clopidogrel within 24 hours of hospital admission.
Statistical Analysis
Continuous variables were described as median values with interquartile ranges (IQR), and categorical variables were described as frequencies with percentages. For age, which was missing at a low rate (0.1%), we imputed the missing values as the overall median. All the remaining variates had no missing values. We employed Wilcoxon rank sum tests for continuous variables and v 2 tests for categorical variables to compare differences between patients who did and did not receive early clopidogrel therapy. We described the distribution of early clopidogrel use among eligible patients within the 5 defined regions, as well as in urban and rural hospitals. We calculated rates of use for hospitals with at least 5 patients with AMI in the given study year. To estimate the use of early clopidogrel therapy among the entire Chinese population with AMI, we applied weights proportional to the inverse sampling fraction of hospitals within each stratum, as well as to patients within each hospital, to account for differences in the sampling fraction for each time period. Changes in the early use of clopidogrel between the 2 time periods were evaluated by the v 2 test.
Factors independently associated with early clopidogrel therapy were identified using a logistic regression model using a generalized estimating equation accounting for clustering of patients within hospitals. Predictor variables of interest were selected on the basis of prior literature and clinical context. These variables included demographics, cardiovascular risk factors, medical history, clinical characteristics at admission, use of reperfusion therapy, year of hospitalization, and hospital characteristics. We transformed continuous variables, such as age and blood pressure, into categorical variables using a fractional polynomial approach according to clinically meaningful cut-off values, and then created dummy variables. Backward selection (with a cutoff significance level of 0.05) was used to identify factors predictive of early clopidogrel use. Odds ratios (OR) and 95% CI were reported for the fully adjusted models. All tests of statistical significance were 2-sided, with a P<0.05 considered statistically significant. Statistical analysis was performed using SAS software (version 9.2, SAS Institute, Cary, NC) and R software (version 3.0.2, R Foundation for Statistical Computing, Vienna, Austria).
Results

Study Sample
There were 4468 patients with AMI in 2006 and 9333 in 2011. We excluded patients who were transferred in from another hospital (n=569), those who died (n=435), were discharged (n=298), or were transferred out (n=289) within 24 hours of hospital admission, and patients with documented contraindications to clopidogrel (n=266), to identify a sample of 11 944 patients with AMI who were eligible for early clopidogrel therapy (Figure 1) Overall, the median age of the cohort was 66 years (IQR: 56 to 75), 69.6% were men, and 35.6% current smokers (Table) . Comorbidities were common: 51.0% of patients had hypertension, 11.0% had a prior myocardial infarction, 10.4% had a prior ischemic stroke, and 18.4% had diabetes.
Use of Early Clopidogrel Therapy
There was a significant increase in the use of early clopidogrel from 41.5% in 2006 to 77.1% in 2011 (weighted proportions of use: 45.7% in 2006, 79.8% in 2011; P<0.001). However, there were significant geographic variations in the early use of clopidogrel therapy (Figure 2 ). In 2006, the rate of early clopidogrel therapy ranged from a low of 1.5% in the Westernrural region to a high of 58.0% in the Eastern-urban region (P<0.001), while in 2011 it varied from a low of 48.7% in the Central-rural region to a high of 87.7% in the Central/ Western-urban region (P<0.001). In addition, there were marked differences between the rate of early clopidogrel use between rural and urban hospitals (P<0.001; Figure 3 
Patient and Hospital Characteristics Associated With Early Clopidogrel Therapy
In the multivariable model, several patient characteristics were associated with early clopidogrel therapy (Figure 4) . For example, patients with a prior ischemic stroke (OR 0.77; 95% CI 0.64 to 0.93, P<0.001) and history of myocardial infarction (OR 0.80; 95% CI 0.68 to 0.95, P<0.001) were significantly less likely to receive early clopidogrel therapy. In contrast, patients with STEMI (OR 1.32; 95% CI 1.11 to 1.56, P<0.001 compared to non-ST elevation myocardial infarction) or those presenting with chest discomfort (OR 2.53; 95% CI 2.09 to 3.04, P<0.001) were more likely to receive early clopidogrel therapy. Compared with patients not receiving reperfusion therapy, those who received primary percutaneous coronary intervention or fibrinolytic therapy were more likely to receive early clopidogrel therapy (OR 4.16; 95% CI 2.22 to 7.80, P<0.001 and OR 1.49; 95% CI 1.20 to 1.84, P<0.001, respectively).
Hospital characteristics were also associated with use of early clopidogrel therapy. Patients admitted to rural hospitals (OR 0.51; 95% CI 0.31 to 0.84, P<0.001) were less likely to receive early clopidogrel than patients admitted to urban hospitals. In contrast, patients admitted to percutaneous coronary intervention-capable hospitals and teaching hospitals were more likely to receive early clopidogrel therapy (OR 3.65; 95% CI 2.33 to 5.72, P<0.001 and OR 1.80; 95% CI 1.08 to 2.99, P<0.001, respectively).
Discussion
In this large nationally representative study of patients with AMI in China, we found a nearly 2-fold increase in the early use of clopidogrel between 2006 and 2011. However, significant gaps in the use of early clopidogrel therapy were noted, especially in rural hospitals. In 2011, 6 years after publication of the COMMIT trial, only 1 in 2 patients with AMI received this efficacious therapy in rural hospitals, with 1 quarter of such hospitals providing early clopidogrel therapy to only 1 in 9 eligible patients. The low rate of use in rural hospitals contrasts sharply with that in urban hospitals, where the median rate of use was almost 90%.
Although this study was descriptive and could not identify the reasons for the increase in the use of clopidogrel over this 5-year period, it is likely that the accumulation of evidence demonstrating the benefit of early clopidogrel therapy has contributed to the adoption of this strategy in recent years. Specifically, in 2005, the COMMIT trial, which enrolled more than 45 000 Chinese patients, established that early clopidogrel therapy reduced mortality and major vascular events in patients with AMI. Dissemination of the results of COMMIT, which are directly applicable to Chinese patients with AMI, was probably an important driver of the marked increase in the use of early clopidogrel therapy that we observed in this analysis. In addition, clopidogrel became a national basic drug in 2004, meaning that medical insurance covered part of its cost. 15 Meanwhile, healthcare reform in China, which expanded medical insurance coverage to 90% of the population by 2011, may have also contributed to the improvement in the use of early clopidogrel therapy. 16 A number of factors may explain the disparities between rural and urban hospitals. Differences in per capita income, which are marked between urban and rural China, may BP indicates blood pressure; CVD, cardiovascular disease; DBP, diastolic blood pressure; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; STEMI, ST-segment elevation myocardial infarction.
influence medical resource utilization. 17 Despite the progress of healthcare reform, medical insurance still does not cover the full cost of clopidogrel therapy. A single dose of clopidogrel (75 mg) costs about 20 Yuan (3.25 US dollars or 3 Euros), 18 which is approximately equal to the average daily income in rural regions in 2011, meaning that the cost of clopidogrel therapy may be limiting, especially in rural regions. 11 In addition, most urban hospitals are tertiary hospitals, which are more commonly staffed with cardiovascular specialists; the availability of practitioners with greater condition-specific expertise in urban areas may explain the greater adoption of AMI-specific evidence-based care. In addition to the lower rate of use of early clopidogrel therapy in rural hospitals, there was also notable variation among hospitals, suggesting heterogeneity in the structure and function of rural health systems. Differential investment in healthcare capacity may explain this variation. Our study noted that the Western-rural region had the largest increase in the use of early clopidogrel therapy. This may reflect governmental investments in this region, including a special program for physicians' education with the objective of improving clinical practice. 19 For example, urban hospitals in the Western region sent experts with more than 13 600 visits to support physicians in rural hospitals from 2005 to 2010, 19 which might also improve physicians' diagnosis and treatment level. There may be other reasons for this variation, and the sheer size of the population of rural China (700 million) underscores the importance of further analysis.
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Our study found that certain patient characteristics were associated with failure to provide early clopidogrel therapy. For example, patients with a history of ischemic stroke or myocardial infarction were less likely to receive early clopidogrel therapy, although these patients may even benefit more than other patients without these conditions. 20 This observation may reflect a risk-treatment paradox that has been described in other settings. Patients who did not present with overt symptoms of AMI (such as chest discomfort) were less likely to be treated, which may reflect uncertainty about the diagnosis of AMI. Patients with non-ST-segment acute myocardial infarction were less likely to receive early clopidogrel therapy, similar to findings in the United States. 21 This pattern might occur because patients with STEMI are usually identified rapidly after hospital presentation based on initial electronic cardiogram findings. Conversely, identification of patients with non-ST-segment acute myocardial infarction can be clinically challenging due to the frequent initial lack of definitive electrocardiographic changes and to uncertainty about the definition of AMI with elevated cardiac troponin levels for patients who do not have persistent ST elevation when first seen. In addition, the early treatment of patients with clopidogrel was strongly associated with the provision of reperfusion therapy, so this effect may be driven by greater cardiologist involvement in early hospitalization treatment.
Although international guidelines strongly recommend early clopidogrel therapy for patients with AMI, this is the first nationally representative study to evaluate the use of this strategy in any country. The few available studies conducted in developed countries have shown that early clopidogrel therapy was widely used. In Europe, a prospective survey involving hospitals in 47 countries noted that 91% of patients with AMI received early clopidogrel therapy, 22 while in the Unites States, a registry-based study found that the rate of this intervention in 2009 was 87.1% in patients with STEMI. 21 While urban hospitals in China are now approaching the rates achieved in these developed healthcare systems, use in rural hospitals is lagging.
The findings of our study also have important implications for efforts to improve the quality of AMI care in China. Some 6 years after the results of the COMMIT study demonstrated direct evidence of benefit of this intervention in the Chinese population, early clopidogrel therapy is not a routine intervention in all Chinese hospitals, particularly those in rural areas. By quantifying the magnitude of underutilization, characterizing the disparity between urban and rural hospitals, identifying wide variations among rural hospitals, and understanding the factors associated with early clopidogrel therapy, our study provides important information to inform future quality-improvement initiatives. In addition, the factors associated with use of early clopidogrel therapy are likely to apply to new antiplatelet agents, such as ticagrelor. Future national quality-improvement efforts could include early clopidogrel therapy as a national quality measure, strengthening education to improve clinical knowledge, and improving the structural inadequacies of the systems of care.
Several limitations of our study should be considered. First, we cannot exclude the possibility that some patients had undocumented contraindications to early clopidogrel therapy and were classified as eligible; however, this is unlikely to explain the magnitude of underutilization of the therapy among patients cared for in rural hospitals. Second, some factors (eg, physicians' opinion on clopidogrel therapy), which might affect the use of early clopidogrel therapy, were not measured and could have provided more insight into the observed variations. Finally, we were unable to investigate system-level factors that may have influenced prescribing practices, such as the availability of clopidogrel.
In conclusion, there has been marked improvement in the use of early clopidogrel therapy for patients with AMI in China. However, there are disparities in the use of this intervention between rural and urban regions, with lower rates of use and greater variation in use among hospitals in rural regions. National policies and initiatives, with a particular focus on rural hospitals, are needed to improve early clopidogrel therapy and patient outcomes.
